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Abstract
A large 4pi array of charged particle detectors has been developed at Variable Energy Cyclotron Centre to facilitate high
resolution charged particle reaction and spectroscopy studies by detecting event-by-event the charged reaction products
emitted in heavy ion reactions at energy ∼ 10-60 MeV/A. The forward part (θ ∼ ± 70 - ±450) of the array consists of
24 highly granular, high resolution charged particle telescopes, each of which is made by three layers [single sided silicon
strip(∆E) + double sided silicon strip (E/∆E) + CsI(Tl)(E)]of detectors. The backward part of the array consists of
112 CsI(Tl) detectors which are capable of detecting primarily the light charged particles (Z ≤ 2) emitted in the angular
range of θ ∼ ± 450 - ±1750. The extreme forward part of the array (θ ∼ ± 30 - ±70) is made up of 32 slow-fast
plastic phoswich detectors that are capable of detecting light (Z ≤2) and heavy charged particles (3 ≤ Z . 20) as well
as handling high count rates. The design, construction and characterization of the array has been described.
Keywords: Multidetector system; Silicon strip detector; CsI(Tl) detector; Plastic Phoswich detectors; Charged
particle telescope; Pulse shape discrimination
PACS: 29.40.Wk, 29.40.Mc, 29.30.Ep, 23.20.En
1. Introduction
The exploration of nuclear reaction dynamics is crucially
dependent on the extent of information one can obtain
about the reaction products; the more information one
has about the reaction products, easier is the kinematic
reconstruction of reaction events and deeper is the un-
derstanding of the reaction process. This is particularly
important for heavy ion induced reactions at higher ener-
gies (above fermi energy), where multiplicity of reaction
products is large. Event-by-event detection of maximum
possible number of reaction products is necessary to en-
able faithful reconstruction of the events and characterise
the reaction processes. Similarly, kinematic reconstruc-
tion technique also plays an important role for the study
of structures of highly excited states (e.g., unbound reso-
nances) in nuclei. To enable such measurements, one re-
quires a large, granular array of detectors which is capable
of detecting ideally all types of emitted charged particles
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with sufficient precision over the whole solid angle, 4pi. It is
therefore not surprising that such detector arrays (e.g., IN-
DRA [1], HIRA [2], CHIMERA[3], LASSA [4] etc.) serve
as the main workhorse for reaction studies at all large ac-
celerator centres across the world, and efforts are still con-
tinuing to build new (and/or upgrade old) detector arrays
with higher granularity and better resolution (e.g. FAZIA
[5])to probe more deeply into the nuclear reaction scenario.
The integrated experimental nuclear reaction pro-
gramme based on the low (. 10MeV/A) and interme-
diate energy ( ∼10-60MeV/A) heavy ions accelerated by
the present K130 cyclotron and the upcoming K500 super-
conducting cyclotron at Variable Energy Cyclotron Cen-
tre (VECC), Kolkata, necessitated the development of one
large, granular, high resolution charged particle detec-
tor array. The detector elements are required to have
large dynamic range to cope up with experiments us-
ing both the accelerators. Moreover, the design should
be flexible enough to enable either a part or whole of
the detector system to be used in conjunction with other
types of detector systems. With due consideration of the
above, a Charged particle detector Array for Kinematic
Reconstruction and Analysis (ChAKRA) has been de-
veloped at VECC, which is capable of detecting a wide
range of emitted charged particles (1 6 Z . 20) over ∼ 4pi
solid angle. The design details, fabrication and character-
isation of various components of the detector array have
Figure 1: Schematic view of ChAKRA.
been reported in the present paper.
2. Design details of the ChAKRA
Depending upon the reaction kinematics, yield of dif-
ferent types of particles will vary with angles. There-
fore, the type and granularity of the detectors should also
vary with the angular range. According to that, the ar-
ray has been configured in three independent blocks, all
of which are sections of concentric spheres of different
radii with the target position as the centre. A schematic
view of the charged particle detector array is shown in
Fig. 1. The coverage of each block is the surface area of
the respective sphere spanned by two radial lines between
θmin ≤ θ ≤ θmax, where θ is the angle subtended by the
radial line with the beam direction (see Fig. 1). The most
important part of ChAKRA is the forward array block,
which covers the angular range of θ ≈ ±70 − ±450. Two
other blocks are, the backward array (angular coverage :
θ ≈ ±450−±1750), and the extreme forward array (angu-
lar coverage : θ ≈ ±30−±70). The forward array consists
of 24 charged particle telescopes, each of which is made
up of 3 detector elements (Si(strip) - Si(strip) - CsI(Tl)).
The backward array is made up of 112 CsI(Tl) detectors
of varying shapes and thicknesses. The extreme forward
array consists of 32 plastic fast-slow phoswich detectors.
2.1. Forward part
The basic requirement of the forward part of the array
is that it should be capable of measuring both position
and energy as well as identifying all light charged particles
(LCP : Z= 1, 2) and intermediate mass fragments (IMF)
in the range 36 Z .20 emitted in the reaction. In ad-
dition, the array should also enable isotopic identification
of all LCPs and IMFs at least up to Z .10. To achieve
these, single-sided Si strip detector (SSSD) of thickness ∼
50 µm has been used as the outermost (facing the beam)
∆E detector, and double-sided Si strip detector(DSSD) of
thickness ∼ 500 µm / 1 mm has been used as E detector in
all 24 telescopes. Typical energy resolution of these detec-
tors was .1 %. To take care of energetic LCPs and lighter
IMFs which do not stop in the Si-detectors, an extra layer
Figure 2: 3D schematic diagram of charged particle telescope used
in the forward array. The left most detector is SSSD of thickness ∼
50 µm, middle one is DSSD of thickness ∼ 500 µm or ∼ 1000 µm
and right most detectors is an assembly os 4 CsI(Tl) detectors of
thickness 6 cm.
of CsI(Tl) detector of thickness 6 cm was added behind
the DSSD. The thickness of the CsI(Tl) detector was cho-
sen to stop the highest energy light particles (∼ 150MeV
proton) expected in reactions at medium beam energies (≈
60MeV/A) from K500 superconducting cyclotron. Active
area of each strip detector was 5×5cm2 with individual
strip dimension of 3×50 mm2. SSSD has 16 strips in front
(junction) side and DSSD has 16 strips on both sides in
mutually orthogonal direction as shown in Fig. 2. Each
pixel in DSSD (size : 3×3 mm2) provides an angular reso-
lution of ∼ 0.80 when kept at a distance of 20 cm from the
target centre. Four CsI(Tl) detectors (each of front surface
area 2.5×2.5 cm2 and thickness 6 cm) have been placed be-
hind the thicker strip detector to complete each telescope
assembly. 6 cm CsI(Tl) itself can stop proton with maxi-
mum energy ∼ 145 MeV. Total active area of four CsI(Tl)
will cover all the particles which are not stopped by DSSD.
The configuration of one telescope is shown schematically
in Fig. 2.
2.1.1. Forward part Si-strip detectors
The silicon strip detectors (SSSD and DSSD) used in
the present array are ion-implanted, passivated devices ob-
tained from M/s. Micronsemiconductors Ltd., UK [6]. To-
tal dead layer in the detector is typically ∼ 0.6 µm includ-
ing the implantation depth of about ∼ 0.40 µm. Typical
energy resolutions of the detectors (individual strip) are, ∼
40 keV for the (50 ±5)µm SSSD and ∼ 40 keV (∼ 25 keV)
for 500 µm (1000 µm) DSSD, measured using 5.486 MeV
241Am-α source. The frames of the detectors were custom
designed (see Fig. 3) to fit into the present array structure
to minimise the dead area (frame size) surrounding each
silicon wafer. The frame is made from glass epoxy with
total outer dimension 60 mm × 60 mm [Fig. 3]. A slot
of width 1.75 mm and depth 2.25 mm in the inner (top)
sides of the frame [Fig. 3] helps to glue the silicon wafer on
the frame as well as protect the wafer from other detectors
when used in telescopic mode. The outer ridge has four
through holes, one in each corner, which can be used to
align the frame by dowel pins. Signals from the strips are
taken out by kapton cables with 18 soft gold pads of width
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Figure 3: Design of the DSSD frame. All dimensions are in mm.
Figure 4: Strip detectors with kaptons.
1.6 mm of each, the other end of which is connected to a
flat ribbon connector(FRC) (SAMTEC SSQ-22-G-D-RA)
(see Fig. 4). 16 pads are used for 16 signals connections
and 2 for guard rings. The slots in side 4 ensure proper
spacings for wire bonding of the front side strip with the
kapton and its (∆E detector) passage through the spacing
between E detector’s frame and housing wall. The slot in
side 3 allows the kapton to be connected to backside strip
(in DSSD). Both SSSD and DSSD frames are same in all
respect except that there is no kapton in side 3 (Fig. 4) for
SSSD.
2.1.2. Forward part CsI(Tl) detector
Thallium activated Cesium Iodide [CsI(Tl)] detectors
constituted the third element of the forward array tele-
scopes. All the CsI(Tl) detectors have been developed by
M/s. Scionix Holland BV [7] as a complete assembly of
CsI(Tl) crystal and photo diode (Hamamatsu S3204-08)
with a charge sensitive preamplifier [7]. Custom made de-
sign of the detector has been done in association with M/s.
Scionix Holland BV. The forward array has been designed
in such a way that the front face of the first strip detec-
tor formed a part of the surface of a sphere of radius ∼
20 cm. Accordingly, the shape of the CsI(Tl) crystal has
been decided such that the trajectories of the emitted par-
ticles were fully contained within the crystal. The design
of the single detector, each of thickness 6 cm, is shown in
Fig. 5(A); the front and back faces are square shapes of
dimensions 2.5 cm × 2.5 cm, and 3.5 cm × 3.5 cm, respec-
tively. The thickness of CsI(Tl) is sufficient to stop a pro-
ton with energy ∼ 145 MeV. We have used an assembly of
four such detectors in the third layer of the telescope; the
segmentation provides better energy resolution and iden-
tification of highest energy lighter particles. The assembly
of four CsI(Tl) forms a truncated pyramid of base area 7
cm ×7 cm and its front face is having same area as the
active area of the strip detectors as shown in Fig. 5(B).
Each crystal has been wrapped in a special reflecting ma-
terial covered with aluminized mylar of thickness ∼ 50 µm
on all sides except the front face. This will ensure better
light collection and stop light leakage to adjacent detector.
The front face has been covered with ultrathin (∼ 1-2µm)
aluminized mylar sheet to allow the minimum dead layer
for the incoming charged particles. Typical energy loss of
100 MeV α in ∼ 1-2µm aluminized mylar is ∼ 70-140 KeV
[8]. The crystals were coupled with photodiodes of active
area 18 mm × 18 mm (Hamamatsu S3204-08). A charge
sensitive preamplifier [7] with gain of ∼4V/pC was directly
coupled to the photodiode. A stack of four such detector
are shown in Fig. 6
2.1.3. Forward part telescope housing
The design of the telescope housing and its actual pho-
tograph after fabrication are shown in Fig. 7. A special
hardened Aluminium alloy (6061-T6) has been used for
fabrication of these housings. This alloy is easily machin-
able with high precision. The housings were designed in
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Figure 5: (A) Design of one CsI(Tl) detector and (B) assembly of
four CsI crystal as used in the telescope.
Figure 6: Assembly of four CsI(Tl) detectors for forward array tele-
scope.
(A) (B)
Figure 7: (A) Design of a telescope, and (B) photograph of the
telescope with strip detectors and CsI detectors.
such a way that the telescope will contribute minimum
dead area. The housing has two parts. In the front part,
two strip detectors are kept in a fixed condition in two
parallel slots. A provision is there to fix the strip detec-
tors rigidly with the housing using screw. To keep the four
CsI(Tl) detectors behind the strip detector (E), inner vol-
ume of the housing has been given a shape according to
the overall shape of four CsI detector assembly, i.e., trun-
cated pyramid shaped. In the inner sides of the housing
there are slots of depth 0.8 mm and width 44 mm to take
out the kapton of the strip detectors. To hold four CsI(Tl)
detectors in proper position, there is an arrangement by a
long threaded rod as shown by Fig. 7. By rotating the
rod slowly, the detectors can be placed in proper position.
The outer shape of the housings is such that when all the
housings will be kept in the form of array, it will form a
part sphere of radius 20 cm. To attach all the housing in
the array, a deep slot was kept outside of each four walls
of the housings. A complete assembly of the housing is
shown in Fig. 7 (right) with top open.
2.1.4. Forward part support structure
To mount the telescopes in a form of array, a support
structure was developed. The telescopes have been ar-
ranged in 5 columns with five telescopes in each except in
the middle column, where the central telescope has been
removed for the passage of beam. Shapes of the columns
are such that, all the front faces will touch the surface of an
imaginary sphere of radius 20 cm. In the same way, all the
column have been placed so that front faces of all the tele-
scopes together formed a part of the spherical surface of
20 cm radius spanning the angular range of 70 ≤ θ ≤ 450.
The whole array can be moved both vertically and hori-
zontally to align it with the beam line axis. The complete
assembly of 24 telescopes has been shown in Fig. 8.
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Figure 8: Forward array of charged particle telescopes.
2.2. Backward array
Since very few IMFs are emitted in the backward an-
gular range (beyond the zone covered by the forward ar-
ray), it has been decided to detect mainly the LCPs in
the angular range θ = 450-175o using in backward part
of ChAKRA. So, the backward part has been made up of
112 CsI(Tl) detectors of various sizes as described below.
Pulse shape discrimination (PSD) technique [9] has been
used to identify the LCPs.
2.2.1. Backward part detectors and support structure
The shapes of the detectors of this array are such that
the front faces of the detectors form the part of a spherical
surface of radius 15 cm in the angular range θ = 450-175o.
The shapes and sizes of the detectors were optimised for
minimum dead area and multihit probability. Each crys-
tal, trapezoidal in shape, has been wrapped in a special
reflecting material covered with ∼ 50µm thick aluminized
mylar foil on all sides to prevent cross talk of scintillation
light between the adjacent detectors. The front face has
been covered with ultrathin (∼ 1.5µm) aluminized my-
lar. This allow the minimum dead layer for the incom-
ing charged particles. Each detector was coupled, either
directly or through light guide depending upon the thick-
ness. It helps good light collection in the case of thinner
detector (ring-3 to ring-6). All the crystals are coupled
with photodiodes and vacuum compatible charged sensi-
tive preamplifiers, forming an integrated detector assem-
bly. The complete detector assembly, as per the design
Figure 9: Schematic of Backward array CsI(Tl) detector with hous-
ing
CsI(Tl)
Light guide
Photo diode
Preamplifier 
NRB
Figure 10: Typical backward array CsI(Tl) detector with preampli-
fier and noise reduction board (NRB).
5
Table 1: Details of the CsI(Tl) detectors at different rings. Rn →
ring number, Th → detector thickness (in cm), Type → Type of
detector according to shape, Q→ Quantity of each type of detectors
in any ring. The A→ Area (cm2) of the front face of the detector, PD
→ Active area (cm2) of photo diode and θ1, θ2 defines the angular
width of each ring. Each detector covers an azimuthal width ∆φ of
200.
Rn Th Type Q A PD θ1 θ2
1 4 CsI-1 6 12.12 3.24 54.3 67.5
2 4 CsI-2 24 12.55 3.24 67.5 90
CsI-2A 2 12.23 3.24 67.5 73
CsI-2B 8 8.82 3.24 75.1 90.0
3 3 CsI-3 16 25.57 3.24 90.0 112.5
CsI-3A 2 12.23 3.24 100.4 112.5
4 2 CsI-4 18 21.23 3.24 112.5 135.0
5 2 CsI-3 18 13.08 2.00 135.0 157.5
6 2 CsI-4 18 2.87 1.00 157.5 170.4
specifications, was fabricated by M/s. Scionix Holland Bv
[7]. The size of the photodiode varied with the size of the
detector. The design of a typical detector with housing
and the photograph of a complete detector are shown in
Figs. 9 and 10. In all, nine types of detectors of different
shapes and thickness have been used in the array. The type
of the detectors are named according to the ring number
on which they are kept.
The design of the array support structure has been il-
lustrated in Fig. 11. The backward array consists of six
azimuthally symmetric rings. The details of the detectors
and their placement in different rings is elaborated in Table
1. The ring-1 is partial and houses six detectors. Provi-
sion for inserting the target ladder has been kept between
ring-2 and ring-3. All the other rings have eighteen detec-
tors of a single type of detector in each ring (see Table 1).
The design of the array(Fig. 11) is such that each of the
housing (Fig. 9) can be removed individually without dis-
turbing the other detector and housings. At the end of the
housing handle, two screws are there to attach the housing
with the support structure. To fix the detector inside the
housing two plates (marked with‘A’ in Fig. 9) are there
which can be fixed on the handle with screw.
2.3. Extreme forward array
In the extreme forward angle (in the neighbourhood of
grazing angle), detectors should be able to handle high
counting rate and they should also be rugged against ra-
diation damage due to high rate of bombardment. Plas-
tic Scintillator is the quite suitable to handle such situa-
tion quite efficiently. So, the extreme forward array has
been designed with 32 plastic phoswich detectors. Each
phoswich detector was made up of 100 µm (2ns) thin or-
ganic fast plastic scintillator (BC 408) (∆E-detector) and
10 cm slow (280ns) thick plastic scintillator (BC 444) (E-
detector) as shown in Fig.13 schematically. Active area of
Ring 1
Ring 2
Ring 3
Ring 4
Ring 5
Ring 6
Figure 11: 3D CAD model of support structure and housings of
backward part of ChAKRA
Figure 12: Backward part of ChAKRA with 112 CsI(Tl) detectors
and its electronics.
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Figure 13: Schematic diagram of plastic phoswich detector with
PMT.
Figure 14: The array of 32 plastic phoswich detectors with a square
shaped pipe with area of four detectors.
each detector is 20×20 mm2 and it is coupled to a pho-
tomultiplier (Hamamatsu PMT model R6511) of 19 mm
diameter. The array of these detectors is placed at 40 cm
from the target which will cover an angular range of θ ∼ 30
to 70. In the middle of the array, a square shaped pipe with
area of four detectors, has been provided for transporting
the beam to the beam dump. All plastic phoswich detec-
tors of the array have been fabricated at VECC. Thick
part of plastic used in the detector has been developed
by M/s. Saint-Gobain Crystals[10] in proper shape. Thin
plastic (BC 408) detectors of area 20×20 mm2 have been
prepared from large sheet of area 10×10 cm2. Both this
parts have been pasted with the optical cement, SC-500
[7] and then painted with a white reflecting paint, SC 510
[7], to prevent scintillation light loss. The thin end of the
detector has been covered with 1.5 µm aluminized mylar
foil and a photo multiplier tube has been optically cou-
pled at the other end to make the phoswich detector. All
sides of the plastic (except front) as well as the PMT joint
were wrapped with a 50 µm thick aluminized mylar foil to
avoid scintillation light leak. The extreme forward array
of plastic phoswitch detectors is shown in Fig.14.
2.4. Readout electronics and data acquisition system
The readout of the array comprised of standard
NIM/CAMAC front-end signal processing electronics fol-
lowed by the VME Data Acquisition System (VMEDAQ).
We have used 16 channel preamplifiers (MPR-16) and
shaping amplifier cum constant fraction discriminator
modules (MSCF-16)from M/s. mesytec GmbH & Co.
KG [11] for the detectors used in the forward part of
ChAKRA.The outputs of the shaping amplifiers are con-
nected to 32 channel peak sensing VME ADC (Model
CAEN V785). For backward part of ChAKRA, we used
fast gate - slow gate charge integration method to iden-
tify the particle and measure of its energy. The output
of the preamplifier coupled with CsI(Tl)-photodiode was
fed to the shaping amplifier cum leading edge discrimi-
nator module (MSCF-16)[11] specially designed by M/s.
mesytec GmbH & Co. KG for the present purpose. Charge
integration was done using 32 channel VME QDC (Model
CAEN V792). Double gate charge integration was also
used for particle identification in the plastic phoshwich
detectors of the forward part of ChAKRA. Here, the out-
put of the PMT is directly amplified by a fast amplifier
(CAEN N412) having two outputs in each channel . One
output of each channel has been divided into two parts
using a splitter circuit. The time trigger was generated us-
ing 16 channel CAMAC leading edge discriminator (LED)
(CAEN C894). OR of two such LED are again ORed using
4 channel logic fan-in fan-out module having 4 input 4 out-
put in each channel. Finally it goes to VME QDC (CAEN
V792) through gate and delay generator (Ortec 8020)for
fast gate- slow gate charge integration. Each ADC (QDC)
module digitized the peak values (integrate charge) of all
32 channels simultaneously within 5.6 µs with 12 bit reso-
lution and stores the data into FIFO. The VMEDAQ soft-
ware reads the data in VME chain block transfer (CBLT)
mode from multiple crates and builds the global events.
The software parallelizes the operations like reading, event
construction, storing and processing of the data using mul-
tiple threads in a producer-consumer model. The internal
FIFO of the ADCs/QDCs and the multi-threaded parallel
operations on a multi-core workstation are essential fea-
tures to improve the dead time of the system. The cur-
rent version of the data acquisition operates in common
dead time mode. The common GATE signal is used for all
the crates. A custom made sychronizer module is used to
block the GATE signal, until all the ADC/QDC busy sig-
nals are withdrawn. This ensures the synchronization of
the data acquisition by all the ADCs. The event correla-
tion is achieved through hardware synchronization. Each
event is marked with a GATE count value. This GATE
count is used to correlate the events from different crates.
The future upgradation of the VMEDAQ will also support
the timestamping mechanism to correlate the events.
3. Characterisation of ChAKRA
Detailed offline and in-beam tests have been carried out
to characterise various elements of ChAKRA. Initially, of-
fline tests using radioactive sources have been done to
check the basic parameters, like, energy resolution, thick-
ness uniformity as well as uniformity of spatial response
from the detectors for acceptability. In the next step, they
have been tested in real in-beam experimental situation to
test the performance.
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Figure 15: The energy spectrum of α-particles emitted from 241Am
source obtained by an individual strip.
3.1. Forward array
3.1.1. Characterization of silicon strip detectors
The strip detectors have been tested in offline (with α-
sources) as well as in beam. Offline characterisation of each
individual strip has been done using a collimated pin-type
241Am 5.486 MeV α-sources specially prepared in-house
for this purpose. The pin source (diameter 1 mm , colli-
mated with a tube of length 5 mm) was kept very close (∼
2 mm) to the detector to irradiate the detector in a very
small area (circle of diameter 1.4 mm) in a particular po-
sition. The best energy resolutions of individual strips for
50 µm, 500 µm and 1 mm detectors have been found to be
45, 40 and 25 KeV, respectively. Typical energy spectrum
of α-source in one of the strips is shown in Fig. 15.
Thickness variation along a strip of the detector, par-
ticularly in 50 µm thin SSSD’s, which are very prone to
thickness non-uniformity, results in poor isotopic identi-
fication. So, it is very crucial to measure the thickness
non-uniformity, particularly for thin detectors. Typical
thickness non-uniformity of a thin (50 µm SSSD) detec-
tor, estimated in an in-beam experiment, has been shown
in Fig. 16. We have used α emitted in reaction 145 MeV
20Ne + 12C using same method described in [4]. It has
been found that the variation in thickness along a strip is
. 3 % of the average thickness.
3.1.2. Characterisation of forward part CsI(Tl) detector
The detailed characterisation of all CsI(Tl) detectors
have been done using 241Am α-source. Typical energy
spectrum of the detectors has been displayed in Fig. 17
and the energy resolution was found to be ∼ 5%. Depend-
ing upon the uniformity of the thallium doping and the ge-
ometry of the detector, there may be a non-uniformity in
the light output from different regions of a single CsI(Tl),
which may cause variation in isotopic resolution between
different pixels of DSSD and CsI(Tl) of the forward array
telescope.
To measure the non-uniformity, a pin-type α-source has
been put at different positions very close (2 mm) to the
E strip
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Figure 16: Non-uniformity in thickness along the strip in 16 different
positions for all strips of a 50 µm SSSD.
Energy (Channel No.)
400 600 800 1000
Co
u
n
ts
5x103
104
Figure 17: Spectrum of α-particle emitted from 241Am measured
using CsI(Tl) detectors.
front face of the detector. Fig. 18 represents the front face
(area 25 mm × 25 mm) of a CsI(Tl) detectors. Num-
bers are the peak positions of the α-spectra in terms of
ADC channel number at the centre of each block where
the source has been kept during the test. With respect
to the mean peak position, the variation was found to be
∼ ±0.49%.
3.1.3. Particle identification in forward part telescope
After the fabrication of the forward telescopes, they have
been tested in beam to check their performances, the par-
ticle identification in particular. In one test experiment
described here, 193 MeV 20Ne beam was incident on 9Be
target and the fragments were detected [12]. The tele-
scope has been kept at ∼ 20 cm. The angular resolution is
∼ ± 0.80. The ∆E-E spectrum of the emitted fragments
obtained from first two layers [Si(SSSD)-Si(DSSD)] of the
telescope is shown in Fig. 19. Clear isotopic separation
of the fragments up to atomic number Z = 10 has been
observed. Measurement and identification of LCPs, which
punch through the two Si detector layers and deposit en-
ergy in CsI(Tl) detector at the back end of the telescope,
require the usage of Si-CsI(Tl) component of the telescope.
A typical LCP study in the experiment of 60 MeV α on
12C target is presented here, where the ∆E-E spectrum ob-
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Figure 18: Non-uniformity in the light output with respect to the
mean peak position (776). Numbers are the peak position of the
α-spectrum in terms of ADC channel number.
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Figure 19: 2D Spectrum of intermediate mass fragments and their
isotopes emitted in the reaction 193MeV 20Ne on 9Be obtained by a
telescope.
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Figure 20: 2D Spectrum light charged particles emitted in the reac-
tion 60MeV α on 12C obtained by a telescope.
tained by last two detectors of the 3-element telescope, i.e.,
DSSD and CsI(Tl) detector is shown in Fig. 20 [13]. It is
seen that all isotopes of Z =1 and 2 are clearly identified.
These measurements clearly establish the expected level of
performance of the array. The telescope is able to isotopi-
cally separate all fragments at least up to Z=10, which
was the bench mark of performance. In actual physics
experiment, one encounters multiple hit events. There-
fore, kinematic reconstruction of the events (identification
of all particles, and their pixel positions and energies) is
essential to extract the physics information. Here, a pixel
corresponds the overlapping area between the orthogonal
front and back side strips of the DSSD detector (3×3 mm2
in the present case). A data reduction algorithm in ROOT
framework [14] has been developed to identify the parti-
cles and reconstruct the events. The hit positions of the
particles are identified by matching the energies deposited
in the front and back strips, using a minimization routine
specially developed for this purpose.
3.2. Characterization of the backward part detectors
Non-uniformity in doping of CsI(Tl) crystals causes non-
uniformity in scintillation light output which affects the
energy resolution. Non-uniformity has been measured in
a similar way as mentioned Sec. 3.1.2, which has been
found to be within 1%. Energy resolution of detectors
also depends on the variation of the thickness and micro-
leak in the entrance window. The energy resolution of
each detectors has been measured by using a α source of
241Am having energy 5.486 MeV. In case of some of the
detectors we found two peaks in the energy spectra from
241Am α source as shown in Fig. 21(a). After replace-
ment of the mylar window, one peak disappeared as in
Fig. 21(b). The extra peak was coming due to variation
of thickness in the entrance mylar window. It was observed
that the energy resolution of the detectors, depending on
the volume of the crystal, varied between ∼ 4-6 %. In the
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Figure 21: Energy spectra 241Am α source using CsI(Tl) detectors.
The energy spectra of panel (a) was obtained from a detector having
defective entrance window foil and panel (b) after replacement of the
foil.
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Figure 22: Schematic diagram of fast gate and slow gate.
backward array, light particles are identified by using the
pulse shape discrimination (PSD) property of the CsI(Tl)
detector. The light output of CsI(Tl) detectors have two
components which can be approximately written as
L(t) = Lsexp(−t/τs) + Lfexp(−t/τf ) (1)
where L(t) is the light output at time t. (Ls, Lf ) and
(τs, τf ) are amplitude and decay constant of scintillation
light output of fast and slow components, respectively. τf
depends on the stopping power (dE/dx) of the particle in
the CsI(Tl): τf ∝ dE/dx. This property is used to iden-
tify the particle using pulse shape discrimination (PSD)
technique. Particle identification property of these detec-
tors using PSD technique has been studied in-beam exper-
iment using 50 MeV α beam from K130 cyclotron,VECC
with 27Al target. Here, charge integrations of the detec-
tor pulse were done over two gates, a fast gate (Gf ) and
a slow gate (Gs), as shown schematically in Fig 22. The
spectrum obtained is shown in Fig. 23. It is seen that
p, d, t and α are clearly separated [15]. At low energy,
the light output (L) of a CsI(Tl) detector depends non-
linearly on the deposited energy (E). Therefore, unlike Si
detectors, the energy calibration of CsI(Tl) is not quite
straightforward as it depends on particle type. Therefore,
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Figure 23: Fast gate - slow gate spectrum for gates and delay widths
as in Fig. 22
Table 2: The fitted value of the parameters used in Eqn. 2 and 3
Z a b c d
p 0.0916 0.2412 0.0258 -
α 0.0941 0.7381 5.2631 -
7Li 0.0994 4.9171 0.0773 -
p, α, 7Li 0.0008 0.1040 0.0110 0.0455
the energy calibration procedure for these detectors was
tested using three types of particles, 7Li, α and protons.
Elastically scattered 7Li from a gold target as well as pro-
ton recoil peaks are used for this purpose. In addition, α
and protons of known energies produced in the 12C(12C,
4He)20Ne∗ and 12C(12C, p)23Na∗ reactions at beam energy
40 and 25 MeV feeding the excited states of Ne∗ and 23Na∗
were used [16]. The light outputs were fitted separately as
well as globally using two algorithms [16].
E(L) = aL+ b ln(1 + cL) : individual (2)
and,
E(L,Z,A) = aAZ2L+(b+CAZ2)L(1−dZ
√
A) : global (3)
Best fit parameter sets for both the algorithms are given
in table.2
3.3. Characterization of plastic phoswich detectors of ex-
treme forward part
Decay constants of the light output of these two plastics
of the phoswich detector are different; for BC 408 (thin),
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Figure 24: Fast gate - slow gate energy spectra obtained by plastic
phoswich detector
the decay constant is 2.1 ns [10] and the same for BC
444 (thick) is 285 ns [10]. This thin-thick combination
with fast-slow decay times acts as a ∆E−E combination.
The charged particle incident on the detector produces
light having fast and slow components which is collected
by single photo multiplier tube (PMT). Two integration of
charge, one fast gate and another slow gate, in proper time
will give the light outputs proportional to energy deposited
in thin and thick plastics separately and two dimensional
plot of the two outputs provide information about the type
and energy of the particle.
The performance of these detectors was tested in-beam
using the reaction 145 MeV 20Ne + 12C. The PMT output
signal was fed into fast amplifier and amplified output was
divided into two parts. These two parts were then charge
integrated using the two gates, each of width 60 ns and
sepated by 240 ns. A two dimensional plot of the two
(Fig. 24) demonstrated the particle identification property
of these detectors.
3.4. Experiments using ChAKRA
Experiment using full ChAKRA is planned with the
beams from upcoming K500 superconducting cyclotron at
VECC. For that purpose, a large, segmented, horizontal
axis, reaction chamber (SHARC)[17] has already been de-
veloped to house the ChAKRA. In the meanwhile, different
parts of the array, the segments of the forward array in par-
ticular, have been and are being extensively used in wide
varieties of nuclear reaction studies at VECC and other
accelerator laboratories across India (e.g., refs.[13],[18],
[19, 20], [21],[22] ).
4. Summary
ChAKRA, the 4pi array of charged particle detectors
have been developed at VECC for medium energy (.
60MeV/A) reaction studies. However, part of ChAKRA
can be used for the experiments at low (∼ 10MeV/A) en-
ergy also. The array consisted of three independent blocks
and each block is made up of different type of detector
systems, depending on the nature of reaction products ex-
pected within the coverage of the particular block. Most
important part of the ChAKRA is the high resolution for-
ward array (angular coverage : θ ∼ ± 70 - 450) which con-
sists of 24 charged particle telescope each of which is made
by three layers of detectors [single side silicon strip(∆E)
+ double side silicon strip (E/∆E) + CsI(Tl)(E)]. This
part is the main workhorse of the array which can identify
isotopes of light charged particle as well as heavy charged
particles at least up to Z = 10. Backward part of the ar-
ray consists of 112 CsI(Tl) detectors. It covers an angular
range of θ ∼ ± 450 - 1750. Pulse shape discrimination
method is used for these detectors to detect light charged
particles with their isotopic separation. Extreme forward
part of the array consists of 32 plastic phoswich detectors,
covering the most forward angular range of θ ∼ ± 30 - 70.
These fast detectors are capable to detect light as well as
heavy charged particles and handle high count rates. The
whole array was made in several detachable segments in or-
der that any part of the array can be used separately or in
conjunction with other detector systems as and when need
arises. Part of ChAKRA has already been successfully
used in several experiments at low energy(. 10MeV/A. It
is hoped that, with the advent of upcoming new acceler-
ators (superconducting cyclotron, rare ion beam facility)
at VECC, the ChAKRA will be immensely useful for next
generation nuclear reaction studies at VECC.
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